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An experimental comparison of three fiber laser structures with the same Raman gain medium is presented in 
order to establish the main pros and cons of each basic scheme. The first fiber laser is based on a hybrid ring-
random fiber laser; the second one is a purely ring fiber laser and the last one is a random fiber laser. Several 
aspects have been taken into account in the study. Firstly, from the optical point of view, the parameters of 
interest compared are output power, lasing threshold, slope efficiency, power fluctuations and finally, the 
longitudinal modes have been analyzed. And secondly, the possible utilization of fiber lasers in digital modulated 
optical communication systems is also studied. 
OCIS codes:   (060.3510) Fiber lasers; (140.3550) Raman lasers; (140.3560) Ring lasers.  
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1.Introduction 
 
Raman fiber lasers (RFLs) use stimulated Raman scattering 
(SRS) in optical fiber to shift the wavelength of the input pump 
laser to another desired wavelength. In spite of the fact that the 
first RFLs were demonstrated in the 1970s, they were inefficient 
and low output power devices till the advent of fiber Bragg 
gratings (FBGs) which transforms Raman fiber lasers in a 
challenging technology. From that moment on, experimental and 
theoretical results have been presented demonstrating the 
possibilities of this technology in some applications such as in the 
telecommunication field or fiber optic sensors. [1-6] 
Due to the unique characteristic of Raman amplification which 
can provide broad gain bands in any wavelength region by 
selecting the pump wavelengths, the inhomogeneous broadened 
gain of stimulated Raman scattering and the availability of high-
power laser diode pumps, fiber Raman lasers become of great 
importance in different applications: wavelength division 
multiplexing (WDM), instrument testing, optical fiber sensors, 
sensor network multiplexing schemes, ultra-long and remote 
sensor networks, optical sensing processing and spectroscopy. [3, 
7-10] 
As any fiber laser, Raman fiber lasers basically consist of a 
gain medium that provides amplification and an optical cavity 
that traps the light and therefore a positive feedback is created. 
Different devices have been used with this purpose generating 
multiwavelength outputs: from Fabry–Perot filters, or high-
birefringence fibers, to the traditional fiber Bragg gratings [10, 
11]. However, since few years ago, a new kind of Raman fiber 
lasers appeared: random fiber lasers which are mainly 
characterized by mirrorless cavities, in other words, the 
previously mentioned devices are not necessary to trap the light. 
This fact entails the first advantage of this kind of fiber lasers, 
the required technology is relatively simple and they have low 
production costs. [12-22] 
The principle of operation of random fiber lasers is based on 
multiple scattering events which are amplified through Raman 
effect. The laser condition in random fiber lasers is fulfilled 
thanks to the accumulation of multiple Rayleigh scattering along 
with its amplification over a long distance, in spite of the fact that 
this process itself is extremely weak in the fiber core. Thus, 
optical scattering, considered as an adverse process, has turned 
into a useful effect. [12-22] 
Up to now, some published fiber Raman lasers works based on 
stimulated Raman scattering had certain component random 
which was ignored. The effect was known by the research 
community but, maybe, it would not have been given the 
importance that deserves [9, 23-26]. Nowadays, it has been 
demonstrated that the accumulation of small, but amplified 
Rayleigh scattering can effect directly to the behavior of Raman 
fiber lasers. 
In this work, an experimental comparison of the behavior of 
three basic fiber lasers is presented. The first Raman fiber laser 
is based on a hybrid ring-random fiber laser; the second one is a 
purely ring fiber laser and the last one is a random fiber laser. 
The study is focused on, on the one hand, optical parameters 
such as output power, lasing threshold, slope efficiency, power 
fluctuations and finally, analysis of the modes. And, on the other 
hand, the possible applications of the proposed fiber lasers in the 
optical communication field are also analyzed through the 
modulation of the signal. 
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2.Experimental set-up 
 
Three fiber laser topologies are compared: the first one is based 
on a hybrid ring-random fiber laser; the second one is a ring fiber 
laser and the last one is a random fiber laser. Since the major 
goal of the paper is the comparison of the behavior of the three 
basic fiber laser configurations, the proposed schemes are as 
simple as possible. The three fiber lasers are depicted in Fig. 1 
and their characteristics are described below: 
The following aspects are common to all topologies:  
- A section of 2.4 km dispersion compensating fiber (DCF) is 
used to achieve greater Raman gain per unit pump power. The 
Raman pump laser radiated at 1445 nm and could deliver up to 3 
W. The pump power is launched to the system through a 
wavelength division multiplexer (WDM). 
- The wavelength selection is carried out by means of a FBGs 
centered at 1545 nm with 0.2 nm bandwidth and 95% 
reflectivity. 
- All the free terminations of all systems were immersed in 
refractive-index-matching gel to avoid undesired reflections. This 
issue can be particularly critical in the random fiber laser.  
The initial configuration, the ring-random fiber laser, shown in 
Fig 1.a, has been chosen in such a way the behavior of the hybrid 
scheme could be studied. Blue arrows point out the optical path 
followed by the random fiber laser contribution, while green 
arrow indicates the direction of the fiber ring laser. But, 
afterwards, it is also possible to study individually the 
contributions of each basic fiber laser that compose the hybrid 
fiber laser. The pure-ring laser structure (Fig. 1.b) is obtained by 
adding an optical isolator to the previous structure and finally, 
the random fiber laser (Fig. 1.c) consists of the cavity section of 
the first structure wherein the random mirror was affecting the 
behavior of the hybrid configuration. The output of each laser 
(after the reflection in the FBG) was selected to reduce the effect 
of the noise in the optical signal to noise ratio (OSNR). 
Hybrid ring-random fiber laser 
The first fiber laser is based on a hybrid ring-random fiber 
laser (Fig. 1. (a)). On the one hand, the ring structure uses the 
backward spontaneous Raman scattering in order to generate a 
counterclockwise fiber laser whose wavelength operation is 
determined by the FBG. The random fiber laser, on the other 
hand, creates a linear cavity between the FBG and the DCF 
spool which works as a distributed mirror, thus, this laser uses 
the amplified Rayleigh scattering feedback through Raman 
effect. In conclusion, the output signal is composed of the 
contribution of two fiber lasers with different nature but 
operating at the same wavelength. 
To extract a 5% of the laser output power from the ring, a 95% 
coupler is used and an optical spectrum analyzer is utilized to 
measure different parameters.  
An optical isolator is also included between the optical couplers 
to ensure unidirectional operation of the ring laser avoiding 
spatial hole-burning (SHB) effect. but This position of the isolator 
does not obstruct the random fiber laser behavior. 
The scheme of the random fiber laser also includes a 95% 
coupler which, at first sight, could seem is in excess. However, it 
has been added to make the comparison study under equal 
conditions of losses in each of the three fiber laser structures.  
 
Ring fiber laser 
The second laser has a purely ring topology. As it can be seen in 
Fig. 1. (a) and (b), both schemes are equal apart from an extra 
isolator located between the WDM and the 50 % coupler. This 
isolator avoids the generation of the random fiber laser because 
the power only can travel in the counterclockwise, thus, it is not 
possible to have feedback from the random mirror.  
Random fiber laser  
Fig. 1. (c) depicts the schematic setup of the random fiber laser. 
This laser is based on a linear cavity formed of two different 
mirrors: the first one, the FBG which selects the emission 
wavelength and the second one, a distributed mirror created by 
the dispersion compensating fiber reel as it has been previously 
explained in sub-section A. It seems important to highlight that 
angled cleaves were used at the fiber end facets to eliminate 
reflections and ensure that the feedback is due only to the 
randomly distributed scattering [16].  
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Fig. 1.  Experimental set-up of: (a) the hybrid ring-random fiber laser; (b) 
the ring fiber laser; and (c) random fiber laser. DCF: Dispersion 
compensating fiber. WDM: wavelength-division multiplexer. Black arrow 
symbol: optical isolator. Blue arrows: Random laser feedback. Green 
arrows: Ring laser contributions 
 
3.Results 
 
The main goal of this work is the comparison of the three basic 
configurations taking into account different aspects. Firstly, from 
the optical point of view, the parameters of interest are: output 
power, lasing threshold, slope efficiency, power fluctuations and 
finally, analysis of the modes. And secondly, the applications of 
the fiber lasers in the optical communication field are also 
studied. 
First of all, the output power evolution versus the Raman 
pump power launched to the system was measured using a 
power meter. The power progressions are shown in Fig. 2 and 
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Fig. 3. Both figures show the same result in different scales in 
order to appreciate different aspects of the lasers outputs. One 
interesting parameter to analyze, from the results displayed on 
Fig. 2, is the pump power necessary to achieve the laser 
condition: at the beginning the output power increases with a low 
slope when pump power is also increased, but, afterwards there 
is a great leap with a small increment of pump power, thus the 
laser behavior is demonstrated. It is also observed from Fig. 2 
and Fig. 3 that the threshold power of the hybrid ring-random 
laser is the lowest, around 390mW; the purely ring laser 
threshold is around 500mW and finally, the all random mirror is 
the configuration which needs higher pump power, 650mW, to 
reach the lasing operation.  
Regarding the output power and slope efficiency, the ring 
scheme offers the better characteristics followed by the hybrid 
laser and the random fiber laser is the worst option taking into 
account this parameters.  
In conclusion, the combination of the ring and the random 
cavity improves the laser threshold due to a more efficiently use 
of the amplification, up to this point. However, when the laser 
condition is achieved, a lower final output power, in comparison 
with the ring laser, is obtained because some of the Raman 
amplification is used to amplify the signal that travels in 
clockwise direction that is finally lost at the isolator. 
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Fig. 2.  Experimental demonstration of laser condition through the 
evolution of the output power versus pump power. 
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Fig. 3.  Evolution of the output power versus pump power presenting the 
output power with a linear scale where the differences of threshold power 
and efficiency among the proposed fiber lasers are evident.  
Fiber lasers are known to be susceptible to output power 
instabilities [9], particularly in multiwavelength fiber lasers but 
also, although to a lesser extent, in the case of only one emission 
line. This issue is especially critical because these instabilities 
can degrade the performance characteristics of a 
telecommunication or sensor multiplexing network based on a 
laser interrogation scheme. For this reason, the survey of the 
output power fluctuations of the proposed lasers is required, Fig. 
4 shows the results. The instability is defined as the output 
power variation for a given interval of time and a specific 
confidence interval (CI), given as a percentage. The confidence 
interval (CI) is the estimated range of values where the 
parameter of interest is included [9]. It should be stressed that 
due to the non multiwavelength operation of the studied fiber 
lasers, the power fluctuations are lower than 0.1dB in all the 
cases. The ring cavity offers the better stability, and the worst 
case comes from the hybrid ring-random fiber laser, this fact may 
be due to the gain competition established among signals 
amplified from the random and ring cavities.  
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Fig. 4.  Output power fluctuations of the three laser configurations versus 
time.  
  
The behavior of the longitudinal modes in the cavity can be 
interesting in order to have a more complete understanding of 
the basic proposed schemes both in the extreme cases when the 
lasers are completely ring or random and in the hybrid ring-
random laser.  
The purely ring laser generates longitudinal modes which are 
evenly spaced according to the following equation: 
 
  (1) 
   
where c is the speed of the light in vacuum, n is the refractive 
index of the fiber and L is the fiber length of the cavity. Thus, in 
the fiber ring laser the resonance longitudinal modes are spaced 
nL
cf =Δ
OSA
Published by
around 86.8 KHz. This distance is too low to be observed in our 
optical spectrum analyzers, thus the longitudinal modes were 
detected in the electrical domain using an electrical spectrum 
analyzer (ESA). As many modes are generated in the cavity due 
to the long cavity length, the ESA shows the beat among the 
longitudinal modes by means of a heterodyne process.  
From Fig. 5, where the spectra for the 3 fiber lasers schemes 
are depicted, some conclusions can be drawn: firstly, the OSNR is 
around 60 dB in any of the 3 cases; and, secondly, the narrowest 
full width at half maximum is achieved for the purely ring fiber 
laser. Thus, this last result shows clear signs of that any presence 
of random and its associated Rayleigh scattering has a negative 
impact in the width of the laser as it was to be expected. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Spectra for all 3 fiber lasers using normalized output power and 
normalized wavelength to show the differences among them in terms of 
OSNR and full width at half maximum.  
 
Fig. 6 presents the longitudinal modes beat. When the Raman 
pump is 510 mW, it can be said that the cavity behavior is purely 
a ring because the random laser has a higher lasing threshold 
and its influence is negligible in the modal evolution. However, 
when the Raman pump increases the spectrum is affected by the 
random mirror effect. On the one hand: the ring has a main role 
and modes are generated at the same frequencies; but on the 
other hand, the random process has certain impact on the 
behavior: the longitudinal modes are wider and wider and, also, 
the noise floor increases.  
A completely different situation can be seen in Fig. 7, where 
the study of the longitudinal modes of the purely random fiber 
laser is shown. In this case, any longitudinal mode beat signal is 
observed in the picture in spite of the fact that the selected 
bandwidth is wide enough to address three beating modes. This 
modeless property is a unique characteristic of random fiber laser 
which is the main difference between ring fiber lasers and 
random fiber lasers [27,28]. It confirms the different nature of the 
fiber lasers under study. 
-0,1 0,0 0,1
-110
-100
-90
-80
-70
-60
-50
-40
P p
um
p=
13
70
m
W
P
pu
m
p=
73
0m
W
 
P
ow
er
 (d
B
m
)
Δ Frequency (MHz)
P p
um
p=
51
0m
W
 
Fig. 6. Longitudinal modes generated in the hybrid ring-random fiber ring 
laser shown by the electrical spectrum analyzer. 
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Fig. 7.  Study of the beat modes in the case of the random fiber laser 
resulting in a modeless spectrum, characteristic of random fiber lasers. 
 
For sake of completeness, it seems really important to 
demonstrate that the hybrid random-ring fiber laser is not just a 
conventional ring cavity fiber Raman laser with some impact of 
Rayleigh scattering but it is really composed of the contribution 
of two fiber lasers with different nature. Set-up shown in Fig. 8 is 
used to carry out this demonstration; it is the same scheme of the 
hybrid random-ring fiber laser presented in Fig. 1 (a) but taking 
into account both outputs of the 95 % coupler.  
 
Fig. 8.  Schematic set-up for the hybrid random-ring fiber laser in order to 
demonstrated that this laser is composed of the contribution of the ring 
fiber laser and the random fiber laser.  
 
Fig. 9 (a) is the key of the demonstration; it shows the electrical 
spectra of both output ports simultaneously. On the one hand, 
output port 1 (depicted in green) shows the hybrid random-ring 
fiber laser, as there is ring component the resonances 
longitudinal modes appeared equidistant inversely proportional 
to the laser length. However, on the other hand, in output port 2 
(depicted in blue) there are no longitudinal modes but the power 
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level is higher than the receptor noise (depicted in black). So, the 
modeless spectra corroborates that there is a random fiber laser 
in the cavity along with the ring fiber laser. To finish, the optical 
spectrum of the output port 2 has been also studied. Fig. 9 (b) 
shows that there is also a laser emission in output port 2, which 
does not belong to the ring fiber laser because the ring fiber laser 
travels in the opposite direction; thus, there is a random fiber 
laser in the cavity. In conclusion, hybrid fiber laser is composed of 
the contribution of the ring fiber laser and the random fiber laser 
and it is not just a conventional ring cavity fiber Raman laser 
with some impact of Rayleigh scattering. 
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Fig. 9.  Study of the (a) electrical and (b) optical spectra in order to 
demonstrate that the hybrid random-ring fiber laser is not just a 
conventional ring cavity fiber Raman laser with some impact of Rayleigh 
scattering but it is really composed of the contribution of the ring fiber 
laser and the random fiber laser. 
 
Finally, the last part of the experimental section is devoted to 
the possible applications of the fiber lasers in the optical 
communication field. To accomplish this task, light was 
internally modulated by a LiNb03 Mach-Zehnder EOM (Electro-
Optical Modulator) with an extinction ratio of ~20 dB and the 
signal selected to modulate the structure was a pulsed shape one. 
In order to modulate internally the signal of both the ring and 
hybrid ring-random fiber laser, the electro-optical modulator has 
been directly included in the scheme, as shown in Fig. 10. 
Conversely, the random configuration was modified to modulate 
its signal because our electro-optical modulator is not a 
bidirectional component, so a 4 ports circulator was included in 
order to enable the back and forth path of the random signal.  
 
 
 
(a) 
(b) 
(c) 
Fig. 10.  Position of the electro-optical modulator in the three fiber lasers in 
order to modulate their signals: (a) hybrid ring-random fiber laser; (b) ring 
fiber laser and (c) random fiber laser.  PC: polarization controller. EOM: 
electro-optical modulator.  
Fig. 11.  Original modulation signal and time domain lasers behavior 
when 500 MHz square signal internally modulated the signals of the 
different proposed fiber lasers. 
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The frequency response characterization of a ring and a 
random cavity was demonstrated in [29], however in this paper 
we present a time-domain comparison to analyze the modulation 
distortion of the three configurations. Thus, in the particular case 
of modulate with a frequency of 500 MHz, in the random fiber 
laser the signal is not distorted as can be seen in Fig. 11, the 
same happens when the frequency is changed to 499 MHz or 501 
MHz. This fact means these kinds of lasers are able to adapt 
their cavities without distortion to each selected frequency of 
modulation. However, ring fiber lasers or hybrid ring-random 
fiber lasers with the ring laser having a dominant role have a 
conventional behavior: the length of the cavity is a decisive 
parameter because of the fact that it determines the possible 
repetition rate [29-32] if the laser is internally modulated. Taking 
into consideration this explanation, when one chooses a 
modulation frequency arbitrarily, the signal is completely 
distorted as can be seen in Fig. 11: the modulation is optimized 
when the frequency is 500 MHZ where the distortion is evident, 
but, this effect is more significant when the frequency is changed 
only 1 MHz up or down, in these cases the distortion is complete. 
 
 
4.Conclusions 
 
The behavior of three basic fiber lasers configurations has been 
experimentally evaluated in order to establish the main pros and 
cons of each scheme. The first fiber laser is based on a hybrid 
ring-random fiber laser; the second one is a purely ring fiber laser 
and the last one is a random fiber laser. Several aspects have 
been taken into account in the study: from the optical point of 
view, and the possible applications of the fiber lasers in the 
optical communication field. 
Summarizing, firstly, the combination of both regimes of 
resonance, ring and random has a positive effect on the threshold 
power but a negative consequence in the output power and slope 
efficiency in comparison with the purely ring cavity. Secondly, 
the ring cavity offers the better stability, and the worst case 
belongs to the hybrid ring-random fiber laser. Thirdly, the 
different nature of the basic fiber lasers has been evaluated 
through the study of the longitudinal modes: in the ring cavity 
fiber laser and in the hybrid ring-random fiber laser, the cavity 
generates longitudinal modes equally spaced; however, the 
random fiber laser is characterized by a modeless behavior. 
Finally, it has been demonstrated that the random fiber lasers 
are able to adapt their cavities to any frequency of internal 
modulation, in contrast with ring fiber laser or hybrid ring-
random fiber lasers whose repetition rate is completely 
determined by the length of the cavity. 
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